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Attorney Docket No. : 8733 , 824.00-US 
[0001] This application claims the benefit of Korean Patent Application No. 2002- 
88065, filed on December 31, 2002 in Korea, and Korean Patent Application No. 88288, filed 
on December 31, 2002, which are both hereby incorporated by reference for all purposes as if 
fiilly set forth herein. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0002] The present invention relates to a liquid crystal display (LCD) device and 
more particularly, to a liquid crystal display (LCD) device having a multi-domain structure 
for improving a viewing angle. 
Discussion of the Related Art 

[0003] In general, a liquid crystal display (LCD) device utilizes an optical 
anisotropy and birefringence properties of liquid crystal molecules to display images. The 
liquid crystal display (LCD) device usually has first and second substrates spaced apart firom 
and opposing each other. The first and second substrates respectively have electrodes for 
forming an electric field between the electrodes. That is, if voltage is applied to the electrodes 
of the liquid crystal display (LCD) device, an electric field is formed between the electrodes 
and the electric field changes alignments of the liquid crystal molecules. The changed 
alignments of the liquid crystal molecules control a light transmittance through the liquid 
crystal and thus images can be displayed by controlling the light transmittance through the 
liquid crystal. 

[0004] FIG. 1 is an exploded perspective view of a related art liquid crystal display 
(LCD) device. In FIG. 1, a liquid crystal display (LCD) device 1 1 has an upper substrate 5 
having a color filter 7 and a common electrode 18 on the color filter 7, and a lower substrate 
22 having a thin film transistor "T" and a pixel electrode 17 connected to the thin film 
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transistor "T". The color filter 7 has sub-color filters 8 and a black matrix 6 formed between 

sub-color filters 8. A plurality of pixel regions "P" is defined on the lower substrate 22 and 

array lines are formed around the pixel region "P". Liquid crystal 14 is interposed between 

the upper and lower substrates 5 and 22. A gate line 13 is formed in a first direction. A data 

line 1 5 is formed in a second direction perpendicular to the first direction. The gate and data 

lines 13 and 15 define the pixel region "P" by crossing each other, and the thin film transistor 

"T" is formed near a crossing portion of the gate and data lines 13 and 15. The thin film 

transistors "T" are formed in a matrix form on the lower substrate 22, i.e., an array substrate. 

The pixel electrode 1 7 is formed of transparent conductive metal material such as indium tin 

oxide (ITO) in the pixel region "P". A storage capacitor C connected to the pixel electrode 17 

in parallel is formed over the gate line 13. A portion of the gate line 13 serves as a first 

storage electrode and a source-drain metal layer formed of same material as source and drain 

electrodes on a same layer as the source and drain electrodes serves as a second storage 

electrode. The source-drain metal layer contacts the pixel electrode 1 7 to receive a signal 

firom the pixel electrode 17. Because liquid crystal molecules align by an electric field formed 

between the common and pixel electrodes 1 8 and 1 7, the liquid crystal display (LCD) device 

(specifically TN (twisted nematic) mode liquid crystal display (LCD) device) has a poor 

viewing angle. To overcome the aforementioned problem, a method to improve a viewing 

angle by dividing the pixel region into many domains where the liquid crystal molecules in 

one of the domains have a symmetric orientation to the orientation of the liquid crystal 

molecules in a next domain, has been suggested. A structure of the liquid crystal display 

(LCD) device to improve the viewing angle will be described hereinafter with reference to 

FIG 2 and FIG 3. 

[0005] FIG. 2 is a plan view of a related art liquid crystal display (LCD) device 
having a multi-domain structure, and FIG. 3 is a cross-sectional view taken along a line "III- 
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III" in FIG. 2. In FIG.2 and FIG. 3, a first substrate 50 and a second substrate 70 opposing the 

first substrate 50 are spaced apart fi-om each other. Gate and data Unes 52 and 54 defining a 

pixel region "P" by crossing each other are formed on the first substrate 50, and a thin film 

transistor "T" having a gate electrode 56, an active layer 58, a source electrode 60 and a drain 

electrode 62 are formed near a crossing portion of the gate and data lines 52 and 54. A pixel 

electrode 64 connected to the drain electrode 62 is formed in the pixel region "P", and a side 

electrode 66 encompassing the pixel electrode 64 is formed aroxmd the pixel electrode 64. A 

black matrix 72 corresponding to the thin film transistor "T", the gate Une 52, the data line 54 

and the side electrode 66 is formed on the second substrate 70. A color filter having sub-color 

filters 74a, 74b and 74c respectively for red (R), green (G) and blue (B) colors is formed on 

the second substrate 70 and covers the black matrix 72. A common electrode 76 is formed on 

* 

the color filter, and an organic layer pattern 78 having a certain width is formed on the 
common electrode 76 in a same direction as the gate line 52. The organic layer pattem 78 and 
the side electrode 66 serves to form a fiinge field for forming an abnormal electric field 
between the common and pixel electrodes 76 and 64. The organic layer pattem 78 divides the 
pixel region "P" into a first domain "A" and a second domain "B". Accordingly, because 
liquid crystal molecules 80 in the first domain "A" has a different alignment direction fi-om 
the liquid crystal molecules in the second domain "B", it is not required to perform a rubbing 
process twice to form a multi-domain in the pixel region "P'\ However, because the side 
electrode 66 is formed of the same material as the pixel electrode 64 on a same layer as the 
pixel electrode 64, a short between the side electrode 66 and the pixel electrode 64 may 
happen when there is an error during forming process of the side electrode 66 and the pixel 
electrode 64. Accordingly, to overcome the aforementioned problem, an appropriate interval 
must be provided between the side electrode 66 and the pixel electrode 64. However, as the 
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interval between the side electrode 66 and the pixel electrode 64 increases, an aperture ratio is 
greatly reduced. 

[0006] In addition, the liquid crystal display (LCD) device having a multi-domain 
structure can be more stably driven as the number of divided domains in the pixel region 
increases. However, because many slit patterns must be used to divide the pixel region into 
many domains, the aperture ratio may be decreased greatly. 

SUMMARY OF THE INVENTION 
[0007] Accordingly, the present invention is directed to a liquid crystal display 
device and a manufacturing method for the same that substantially obviates one or more of 
problems due to limitations and disadvantages of the related art. 

[0008] An advantage of the present invention is to provide a liquid crystal display 
(LCD) device having auxiUary electrodes under a data line and in a pixel region to form a 
multi-domain structure in the pixel region for improving a viewing angle and to use a portion 
of the auxiliary electrodes as a repair line when the data hne is broken. 

[0009] Another advantage of the present invention is to provide a method for 
manufacturing a Hquid crystal display (LCD) device having auxiliary electrodes imder a data 
line and in a pixel region to form a multi-domain structure in the pixel region for improving a 
viewing angle and to use a portion of the auxihary electrodes as a repair line when the data 
line is broken. 

[0010] Another advantage of the present invention is to provide an array substrate 
for a liquid crystal display (LCD) device in which a pixel region has first and second regions 
and only the second region is divided into a plurality of domains owing to an auxiliary 
electrode having a zigzag pattem, slits and a protrusion around the second region to improve 
a viewing angle. 
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[001 1] Another advantage of the present invention is to provide a method for 

manufacturing an array substrate for a liquid crystal display (LCD) device in which a pixel 

region has first and second regions and only the second region is divided into a plurality of 

domains owing to an auxiliary electrode having a zigzag pattem, slits and a protrusion around 

the second region to improve a viewing angle. 

[0012] Another advantage of the present invention is to provide a liquid crystal 
display (LCD) device in which a pixel region has first and second regions and only the 
second region is divided into a plurality of domains owing to an auxiliary electrode having a 
zigzag pattem, slits and a protrusion arovmd the second region to improve a viewing angle. 

[0013] Another advantage of the present invention is to provide a method for 
manufacturing a liquid crystal display (LCD) device in which a pixel region has first and 
second regions and only the second region is divided into a plurality of domains owing to an 
auxiliary electrode having a zigzag pattem, slits and a protmsion aroxmd the second region to 
improve a viewing angle. 

[0014] Another advantage of the present invention is to provide a liquid crystal 
display (LCD) device in which a pixel region has first and second regions and only the 
second region is divided into a plurality of domains owing to an auxiliary electrode having a 
plurality of horizontal electrodes and a vertical electrode, slits corresponding to the horizontal 
electrodes, and a protrusion between the slits to improve a viewing angle. 

[0015] Additional features and advantages of the invention will be set forth in the 
description which follows, and in part will be apparent firom the description, or may be 
learned by practice of the invention. The objectives and other advantages of the invention 
will be realized and attained by the structure particularly pointed out in the written 
description and claims hereof as well as the appended drawings. 
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[0016] To achieve these and other advantages and in accordance with the purpose of 

the present invention, as embodied and broadly described, a liquid crystal display device 

comprises a first substrate having a plurality of pixel regions, a plurahty of gate and data lines 

on the first substrate, a thin film transistor at a crossing portion of the gate and data lines, a 

first auxiliary electrode under the data line, a plurality of second auxiliary electrodes in a 

horizontal direction of the pixel region, a pixel electrode in the pixel region, a plurality of 

protrusions on a second substrate, the protrusions being formed between the second auxiliary 

electrodes, and a liquid crystal layer between the first and second substrates. 

[0017] Li another aspect of the present invention, a method for manufacturing a 
liquid crystal display (LCD) device, comprises forming a plurality of gate Hues on the first 
substrate in a first direction, the first substrate having a plurality of pixel regions, forming a 
plurahty of data lines on the first substrate in a second direction, forming a thin film transistor 
having a gate electrode, an active layer, a source electrode and a drain electrode near a 
crossing portion of the gate and data lines, forming a first auxiliary electrode and a plurality 
of second auxiliary electrodes on the first substrate, the first auxiliary electrode having first 
and second portions spaced apart firom each other under the data line, the second auxiliary 
electrode connecting the second portion of the first auxiliary electrode to a first portion of 
another first auxiliary electrode under an adjacent data line, and forming a plurality of 
protrusions on a second substrate, the protrusions being formed between the second auxiliary 
electrodes, and forming a liquid crystal layer between the first and second substrates. 

[0018] Li another aspect of the present invention, an array substrate for a liquid 
crystal display device comprises a substrate having a plurality of pixel regions, the pixel 
region having first and second regions, a plurality of gate and data lines crossing each other 
on the substrate, a thin film transistor having a gate electrode, a semiconductor layer, a source 
electrode and a drain electrode at a crossing portion of the gate and data lines, an auxiliary 
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electrode having a plurality of portions in the second region of the pixel region, and a pixel 

electrode in the pixel region, the pixel electrode having at least one sUt corresponding to the 
portion of the auxiliary electrode. 

[0019] hi another aspect of the present invention, a method for manufacturing an 
array substrate for a liquid crystal display device comprises forming a substrate having a 
plurality of pixel regions, the pixel region having first and second regions, forming a plurality 
of gate and data lines crossing each other on the substrate, forming a thin film transistor 
having a gate electrode, a semiconductor layer, a source electrode and a drain electrode at a 
crossing portion of the gate and data lines, forming an auxiliary electrode having a plurality 
of portions in the second region of the pixel region, and forming a pixel electrode in the pixel 
region, the pixel electrode having at least one slit corresponding to the portion of the auxiliary 
electrode. 

[0020] Li another aspect of the present invention, a liquid crystal display device 
comprises a first substrate having a plurality of pixel regions, the pixel region having first and 
second regions, a plurality of gate and data lines crossing each other on the first substrate, a 
thin film transistor having a gate electrode, a semiconductor layer, a soiirce electrode and a 
drain electrode at a crossing portion of the gate and data lines, an auxiliary electrode having a 
plurality of portions in the second region of the pixel region, a pixel electrode in the pixel 
region, the pixel electrode having at least one slit corresponding to the portion of the auxiliary 
electrode, a black matrix layer on a second substrate, a color filter layer on the black matrix 
layer, a common electrode on the color filter layer, and a protrusion on the common electrode, 
the protrusion being formed around the second region and in the second region at positions 
corresponding to the portions of the auxiliary electrode that does not correspond to the slit. 

[0021] hi another aspect of the present invention, a method for manufacturing a 
liquid crystal display device comprises forming a first substrate having a plurality of pixel 
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regions, the pixel region having first and second regions, forming a pluraHty of gate and data 

lines crossing each other on the first substrate, forming a thin film transistor having a gate 

electrode, a semiconductor layer, a source electrode and a drain electrode at a crossing 

portion of the gate and data lines, forming an auxiliary electrode having a plurality of 

portions in the second region of the pixel region, forming a pixel electrode in the pixel region, 

the pixel electrode having at least one slit corresponding to the portion of the auxiliary 

electrode, forming a black matrix layer on a second substrate, forming a color filter layer on 

the black matrix layer, forming a common electrode on the color filter layer, and forming a 

protrusion on the common electrode, the protrusion being formed aroxmd the second region 

and in the second region at positions corresponding to the portions of the auxiliary electrode 

that does not correspond to the slit. 

[0022] In another aspect of the present invention, a liquid crystal display device 
comprises a first substrate having a plurality of pixel regions, the pixel region having first and 
second regions, a plurality of gate and data lines crossing each other on the first substrate, a 
thin film transistor having a gate electrode, a semiconductor layer, a source electrode and a 
drain electrode at a crossing portion of the gate and data lines, an auxiliary electrode having a 
plurality of horizontal electrodes and a vertical electrode, the horizontal electrodes being 
formed in the second region and spaced apart from each other, and the vertical electrode 
being formed under the data line and connecting the plurality of horizontal electrodes. 

[0023] In another aspect of the present invention, a pixel electrode in the pixel 
region, the pixel electrode having slits corresponding to the horizontal electrode, a black 
matrix layer on a second substrate, a color filter layer on the black matrix layer, a common 
electrode on the color filter layer, and- a protrusion on the common electrode, the protrusion 
being formed in a diagonal direction at a space between the slits. 
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[0024] It is to be understood that both the foregoing general description and the 

following detailed description are exemplary and explanatory and are intended to provide 

further explanation of the invention as claimed. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0025] The accompanying drawings, which are included to provide a further 

understanding of the invention and are incorporated in and constitute a part of this 

specification, illustrate embodiments of the invention and together with the description serve 

to explain the principles of the invention. 

[0026] In the drawings: 

[0027] FIG. 1 is an exploded perspective view of a related art liquid crystal display 
(LCD) device; 

[0028] FIG. 2 is a plan view of a related art liquid crystal display (LCD) device 
having a multi-domain structure; 

[0029] FIG. 3 is a cross-sectional view taken along a line "III-III" in FIG. 2; 

[0030] FIG. 4 is a plan view of an array substrate for a liquid crystal display (LCD) 
device having a multi-domain structure according to the present invention; 

[0031] FIG. 5 is a plan view of a color filter substrate for a liquid crystal display 
(LCD) device having a multi-domain structure according to the present invention; 

[0032] FIGs. 6A to 6C are cross-sectional views taken along a line "VI- VI" in FIG. 
4 and illustrating a fabrication method of an array substrate according to the present 
invention; 

[0033] FIGs. 7A to 7C are cross-sectional views taken along a line "VII- VII" in FIG. 
4 and illustrating a fabrication method of an array substrate according to the present 
invention; 
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[0034] FIGs. 8A to 8C are cross-sectional views taken along a line "VIII-VIH" in 

FIG. 5 and illustrating a fabrication method of a color filter substrate according to the present 

invention; 

[00351 FIGs. 9A to 9C are cross-sectional views taken along a line "IX-IX" in FIG. 
5 and illustrating a fabrication method of a color filter substrate according to the present 
invention; 

[0036] FIG. 10 is a schematic plan view of an array substrate for a liquid crystal 
display (LCD) device having an auxiliary electrode under a data line according to the present 
invention; 

[0037] FIG. 1 1 is a plan view of an array substrate for a liquid crystal display (LCD) 
device having a multi-domain structure according to another embodiment of the present 
invention; 

[0038] FIG. 12 is a cross-sectional views taken along lines "XIII-XIII'' and "XIV- 
XIV" in FIG. 11; 

[0039] FIGs. 13A to 13C are cross-sectional views taken along a line "Xlll-XIir' in 
FIG. 1 1 and illustrating a fabrication method of an array substrate according to the present 
invention; 

[0040] FIGs. 14A to 14C are cross-sectional views taken along a line "XIV-XIV" in 
FIG. 1 1 and illustrating a fabrication method of an array substrate according to the present 
invention; and 

[0041] FIG. 15 is a plan view of an array substrate for a liquid crystal display (LCD) 
device having a multi-domain structure according to another embodiment of the present 
invention. 
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DETAILED DESCRIPTION OF THE ILLUSTRATED EMBODIMENTS 
[0042] Reference will now be made in detail to the illustrated embodiment of the 

present invention, which is illustrated in the accompanying drawings. In the present 

description, the terms "horizontal" and "vertical" are meant to be relative terms and not to 

limit the physical design of embodiments of the present invention. 

[00431 FIG- 4 is a plan view of an array substrate for a liquid crystal display (LCD) 

device having a multi-domain structure according to the present invention. In FIG. 4, a gate 

line 102 is formed in a first direction and a data line 124 is formed in a second direction 

perpendicular to the first direction. The gate and data lines 102 and 124 define a pixel region 

"P" by crossing each other. A thin film transistor "T" having a gate electrode 104 connected 

to the gate line 102, an active layer 1 16, a source electrode 120 connected to the data line 124 

and a drain electrode 122 is formed near a crossing point of the gate and data lines 102 and 

124. A pixel electrode 130 connected to the drain electrode 122 is formed in the pixel region 

"P". An auxiliary electrode "E" formed around the pixel electrode 130 has first, second, third 

and fourth vertical electrodes 106a, 106b, 108a and 108b and a horizontal electrode 110. The 

first and second vertical electrodes 106a and 106b are formed under a first data line 124a and 

the third and fourth vertical electrodes 108a and 108b are formed under a second data line 

124b, i.e., a data line next to the first data line 124a. The horizontal electrode 1 10 connects 

the second vertical electrode 106b to the third vertical electrode 108a. The second vertical 

electrode 106b under the first data line 124a is connected to the fourth vertical electrode 108b 

under the second data line 124b via a connecting electrode 112. Because the second and 

fourth vertical electrodes 106b and 108b are connected to each other via the connecting 

electrode 112, all components of the auxiliary electrode "E" such as the first, second, third 

and fourth vertical electrodes and the horizontal electrodes 110 can receive a same signal. At 

least two horizontal electrodes 1 10 are formed in a pixel region "P". Protrusions 208 are 
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formed on the upper substrate (not shown) in space corresponding to diagonal regions in the 

pixel region "P" and slits "S" are formed through the pixel electrode 130 in space 

corresponding to the horizontal electrodes 110. The first and third vertical electrodes 106a 

and 108a under the data line 124 can be used as a repair line when the data line is broken. 

[0044] FIG. 5 is a plan view of a color filter substrate for a liquid crystal display 

(LCD) device having a multi-domain structure according to the present invention. In FIG. 5, 

a black matrix 202 is formed on the upper substrate in space corresponding to the gate line 

102 in FIG. 4, the data line 124 in FIG. 4 and the thin film transistor "T" and sub-color filters 

204a, 204b and 204c are formed on the upper substrate in space corresponding to the pixel 

region "P". As mentioned before, protrusions 208, i.e., the projected pattern, are formed at 

the diagonal region in the pixel region "P". As shown in FIG. 4 and FIG. 5, the auxiliary 

electrode "E" including the first, second, third and fourth vertical electrodes 106a, 106b, 108a 

and 108b and the horizontal electrodes 110, the protrusions 208 and the slits "S" generate a 

multi-domain structure including a first domain Dl, a second domain D2, a third domain D3, 

a fourth domain D4, a fifth domain D5 and a sixth domain D6 in a pixel region "P" so that a 

wide viewing angle can be provided. In the liquid crystal display (LCD) device having the 

aforementioned structure, a fiinge field is formed symmetrically about the protrusions 208 

and the slits "S" and the auxiliary electrode "E" serves to increase the fiinge field. 

Accordingly, the pixel region "P" can be divided into many domains including the first 

domain Dl, the second domain D2, the third domain D3, the fourth domain D4, the fifth 

domain D5 and the sixth domain D6 so that liquid crystal molecules in each domain have a 

symmetric alignment with respect to the protrusions 208 and the slits "S". The first and sixth 

domains Dl and D6 induce the fiinge field by utilizing signals of the gate line 102 and the 

fourth vertical electrode 108b adjacent thereto at the same time. 
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[0045] FIGs. 6A to 6C are cross-sectional views taken along a line "VI- VI" in FIG. 

4 and illustrating a fabrication method of an array substrate according to the present invention 

and FIGs. 7A to 7C are cross-sectional views taken along a line "VII- VII" in FIG. 4 and 

illustrating a fabrication method of an array substrate according to the present invention. In 

FIG. 6A and FIG. 7A, a pixel region "P" and a thin fihn transistor region "T" are defined on a 

substrate 100. A gate line 102 and a gate electrode 104 connected to the gate line 102 are 

formed on the substrate 100 by depositing conductive metal material such as aluminum (Al), 

aluminum alloys, chromium (Cr), molybdenum (Mo), tungsten (W), copper (Cu) and then 

patterning the deposited conductive metal material. At this time, an auxiliary electrode "E" 

having a plurality of horizontal electrodes 1 10, first, second, third and fourth vertical 

electrodes 106a, 106b, 108a and 108b, and a connecting electrode 1 12 is also formed around 

the pixel region "P". The horizontal electrodes 1 10 are formed in horizontal direction with 

the gate line 102. The first and second vertical electrodes 106a and 106b are formed at one of 

lateral sides of the pixel region "P" under a data line that will be formed later and the third 

and fourth vertical electrodes 108a and 108b are formed at the other lateral side of the pixel 

region "P" under another data line that will be formed later. The second vertical electrode 

106b is connected to the fourth vertical electrode 108 via the connecting electrode formed in 

one of diagonal regions in the pixel region "P". The number of the horizontal electrodes 110 

may be changed depending on a situation and the horizontal electrodes 110 are spaced apart 

fi-om each other in the pixel region "P". A gate insulating layer 1 14, i.e., a first insulating 

layer, is formed by depositing one of inorganic insulating materials such as silicon nitride 

(SiNx) and silicon oxide (SiOa) on the whole substrate 100 on which the gate line 102, the 

gate electrode 104 and the auxihary electrode "E" are aheady formed. An active layer 116 

and an ohmic contact layer 118 are formed on the gate insulating layer 114 in a space 

corresponding to the gate electrode 104 by sequentially depositing amorphous silicon (a- 
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Si:H) and impurity-doped amorphous silicon (n^a-Si:H) on the gate insulating layer 114 and 

then patterning the deposited amorphous silicon (a-Si:H) and the impurity-doped amorphous 

silicon (n'*^a-Si:H). In FIG 6B and FIG 76, a source electrode 120 and a drain electrode 122 

spaced apart from the source electrode 120 are formed on the ohmic contact layer 118 by 

depositing one of conductive metal material such as aluminum (Al), aluminimi alloys, 

chromium (Cr), molybdenum (Mo), tungsten (W), copper (Cu) on the whole substrate 100 on 

which the active layer 116 and the ohmic contact layer 118 are already formed and then 

patteming the deposited conductive metal material. A data line 124 connected to the source 

electrode 120 is also formed at this time in a direction perpendicular to the gate line 102. The 

data line 124 formed over the first, second, third and fourth vertical electrodes 106a, 106b, 

108a and 108b. The source electrode 120 has a shape of *'U" and the drain electrode 122 is 

spaced apart from the source electrode 120 as shown in FIG. 4. Accordingly, because an 

active channel "CH" between the source and drain electrodes 120 and 122 can be formed in 

"U" shape, a ratio of a width to a length of the active channel "CH" can be increased. A 

passivation layer 126 is formed on the whole substrate 100 on which the source and drain 

electrodes 120 and 122 are already formed by depositing one of inorganic insulating 

materials such as silicon nitride (SiNx) and silicon oxide (SiOi) or organic insulating material 

such as benzocyclobutene (BCB) and acrylic resin on the substrate 100. A drain contact hole 

128 exposing a portion of the drain electrode 122 is formed through the passivation layer 126 

by pattering the passivation layer 126. In FIG. 6C and FIG. 7C, a pixel electrode 130 

connected to the drain electrode 122 via the drain contact hole 128 is formed in the pixel 

region "P" by depositing one of transparent conductive metal material including indium tin 

oxide (ITO) or indium zinc oxide (IZO) on the substrate 100 and then patteming the 

deposited transparent conductive metal material. Slits "S" are formed by removing portions 

of the pixel electrode 130 corresponding to the horizontal electrode 110. 



15 



PATENT 

Attorney Docket No. : 8733 .824.00-US 
[0046] FIGs. 8A to 8C are cross-sectional views taken along a line "VIII- VIII" in 

FIG. 5 and illustrating a fabrication method of a color filter substrate according to the present 

invention and FIGs. 9A to 9C are cross-sectional views taken along a line "IX-IX'* in FIG. 5 

and illustrating a fabrication method of a color filter substrate according to the present 

invention. In FIG. 8A and FIG. 9A, a pixel region "P" and a thin film transistor region "T" 

are defined on a substrate 200. A black matrix 202 is formed on the substrate 200 in a space 

corresponding to the gate line 102 in FIG. 6C, the data line 124 in FIG. 6C and the thin film 

transistor "T" in FIG. 6C by depositing material having a low reflexibility such as material 

including chromium (Cr) or chromium (Cr)/chromium oxide (CrOx) on the substrate 200 and 

then pattering the deposited material. In FIG. 8B and FIG. 9B, sub-color filters 204a, 204b 

and 204c are formed on the substrate 200 by coating a color resin on the whole substrate 200 

on which the black matrix 202 is already formed and then pattering the coated color resin. A 

common electrode 206 is formed by depositing one of transparent conductive metal material 

such as indium tin oxide (ITO) and indium zinc oxide (IZO) on the whole substrate 200 on 

which the sub-color filters 204a, 204b and 204c are already formed and then pattering the 

deposited transparent conductive metal material. In FIG. 8C and FIG. 9C, a protrusion 208, 

i.e., a projected pattern, is formed on the common electrode 206 in a space corresponding to 

the diagonal region of the array substrate 100 by depositing one of organic insulating material 

and photosensitive organic insulating material and then pattering the deposited organic 

insulating material. The liquid crystal display (LCD) device having a wide viewing angle 

property according to the present invention can be manufactured by attaching the upper and 

array substrate 200 and 100. As aforementioned, the auxiliary electrode "E" of the present 

invention can also serve as a repair line in case the data line 124 is broken. A method for 

repairing the broken data line will be described hereinafter with reference to FIG. 10. 
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[0047] FIG. 10 is a schematic plan view of an array substrate for a liquid crystal 

display (LCD) device having the auxiliary electrode under the data line according to the 

present invention. Assuming the data line 124 is broken, both ends "Gr* and "G2" of the first 

vertical electrode 106a are connected to the broken data line 124 by a certain method such as 

a laser-welding and then a connection portion "H" between the second vertical electrode 106 

and the horizontal electrode 1 10 is cut. Accordingly, the first vertical electrode 106a is 

electrically severed firom the horizontal electrode 110 and thus serves to deliver a data signal 

instead of the broken data line 124. By the aforementioned method, the first vertical electrode 

106 can be used as the repair line for the broken data line. 

[0048] FIG. 1 1 is a plan view of an array substrate for a liquid crystal display (LCD) 

device having a multi-domain structure according to another embodiment of the present 

invention. In FIG. 1 1, a protrusion 1208 formed on an upper substrate is also illustrated for 

the sake of explanation. In FIG. 1 1, a gate line 1 102 is formed on a substrate 1 100 in a first 

direction and a data line 1 124 defining a pixel region "P" by crossing the gate line 1 102 is 

formed on the substrate 1 100 in a second direction perpendicular to the first direction. A thin 

film transistor "T" having a gate electrode 1 104 extended fi-om the gate line 1 102, a 

semiconductor layer 1110 over the gate electrode 1 104, a soiwce electrode 1 120 on 

semiconductor layer 1110 and a drain electrode 1 122 spaced apart from the source electrode 

1 120 is formed at a crossing portion of the gate and data lines 1 102 and 1 124, Because the 

source electrode 1 120 has a shape of "U" and the drain electrode 1 122 is spaced apart from 

the source electrode 1 120 as shown in FIG. 1 1, an exposed semiconductor layer 1110 

between the source and drain electrodes 1 120 and 1 122 has also a shape of "U". The "U" 

shape of the semiconductor layer 1110 increases a ratio of width to length of the 

semiconductor layer 1110 and thus increases a mobility of carriers. Accordingly, a 

performance of the thin film transistor "T" can be improved. A pixel electrode 1 130 
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connected to the drain electrode 1 122 is formed in the pixel region "P". The pixel region "P" 

is divided into first and second region 'Tl" and "F2". Only the second region "F2" is divided 

into a plurality of domains and the first region "F" is used as in a typical TN (twisted 

nematic) mode. An auxiliary electrode 11 06 is formed in the second region "F2" in a zigzag 

pattern and slits "S" are formed in the pixel electrode at a space corresponding to selected 

diagonal portions of the auxiUary electrode 1106. The protrusion 1208 is formed on the upper 

substrate (not shown) at a position corresponding to portions of the auxiliary electrode 1 106 

that do not correspond to the shts "S". The protrusion 1208 is formed aroimd the second 

region 'T2" of the pixel region "P'' and is extended along the data line 1 124. With the 

aforementioned structure of the array substrate 1 100, the pixel region "P" can be divided into 

multi-domains in which an electric field in each domain is symmetric to the electric field in 

an adjacent domain. The reason to form the protrusion 1208 around the second region "F2" is 

to stabilize an electric field direction in the pixel region "P". Because a portion of the pixel 

region is divided into multi-domains according to the present invention, an aperture ratio can 

be increased by reducing the numbers of the auxiUary electrodes and the slits that are a main 

factor in reducing the aperture ratio of the liquid crystal display (LCD) device. Though the 

pixel region "P" includes a plurality of asymmetrical domains having different areas, the 

different areas of the divided domains does not affect the viewing angle property and a gray 

level property of the liquid crystal display (LCD) device. Though not shown in FIG. 1 1, the 

pixel electrode 1 130 and the auxiliary electrode 1 106 under the pixel electrode 1 130 form a 

storage capacitor 

[00491 FIG. 12 is a cross-sectional view taken along lines "XIII-XIII" and "XXV- 
XIV" in FIG. 1 1. In FIG. 12, a liquid crystal display (LCD) device 199 has a first substrate 
1 100 and second substrate 1200 opposing the first substrate 1 100 and a pixel region "P" 
having the first and second regions "Fl" and "F2" is formed on the first substrate 1 100. A 
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thin film transistor having the gate electrode 1 104, active layer 1 1 10a, an ohmic contact layer 

1 110b, the source electrode 1 120 and the drain electrode 1 122 is formed on the first substrate 

1 100. The auxiliary electrode 1 106 having the zigzag pattern is formed in the second region 

*'F2" of the pixel region "P". The gate line 1 102 connected to the gate electrode 1 104 and 

providing a signal to the gate electrode 1 104 and the auxiliary electrode 1 106 are formed on a 

same layer with the same material, A gate insulating layer 1 108 is formed on the whole 

substrate 1100 on which the gate electrode 1104 and the auxiliary electrode 1106 are already 

formed. The data hne 1 124 defining the pixel region "P" by crossing the gate line 1 102 is 

formed on the gate insulating layer 1 108 at both sides of the pixel region "P". A passivation 

layer 1 126 is formed on the substrate 1 100 by coating one of organic insulating material such 

as benzocyclobutene (BCB) and acrylic resin on the whole substrate 1 100 on which the thin 

film transistor and the data line 1 124 are already formed. Though the passivation layer 1 126 

is not formed flat in FIG. 12, the surface state of the passivation layer 1 126 is usually flat 

when the passivation layer 1 126 is formed of the organic insulating layer. A transparent pixel 

electrode 1 130 is formed on the passivation layer 1 126 at a position corresponding to the 

pixel region "P". The pixel electrode 1 130 is connected to the drain electrode 1 122 and has a 

plurality of slits "S" corresponding to portions of the auxiliary electrode 1 106. That is, the 

slits "S" are formed at positions of the pixel electrode 1 130 corresponding to portions of the 

auxiliary electrode 1 106 having a same diagonal direction as shown in FIG. 11. The slits "S" 

are formed only in the second region "F2" of the pixel region *T". A black matrix 1202 is 

formed on the second substrate 1200 at a position corresponding to the thin film transistor, 

the gate line 1 102 and the data line 1 124. A color filter 1204 is formed on the second 

substrate 1200 at a position corresponding to the pixel region 'T'\ A transparent common 

electrode 1206 for forming an electric field with the pixel electrode 1 130 is formed on the 

color filter 1204. The protrusion 1208 is formed on the conunon electrode 1206 at positions 



19 



PATENT 

Attorney Docket No.: 8733.824.00-US 
corresponding to portions of the auxiliary electrode 1 106 that do not correspond to the slits 

"S". The protrusion 1208 is further formed around the second region "F2" and along the data 

line 1 124. The protrusion 1208 is formed of organic insulating material. The slits "S", the 

protrusion 1208 and the auxihary electrode 1 106 form a plurality of domains having a 

different electric field in the second region "F2" and an electric field in each domain is 

symmetric to an electric field in an adjacent domain with respect to the auxiliary electrode 

1106 and the slits "S". In the present invention, the slits "S", the auxiliary electrode 1 106 and 

the protrusion 1208 for dividing the pixel region "P" into multi domains are formed only in 

the second region "F2" and are not formed in the first region "Fl" of the pixel region "P". A 

fabrication method of the array substrate 1 100 according to the present invention will be 

described more in detail hereafter with reference to FIGs. 13 A and 13C and FIGs. 14A and 

14C. 

[0050] FIGs. 13A to 13C are cross-sectional views taken along a line "XIII-XIH" in 
FIG. 1 1 and illustrating a fabrication method of an array substrate according to the present 
invention and FIGs. 14A to 14C are cross-sectional views taken along a line "XIV-XIV" in 
FIG. 1 1 and illustrating a fabrication method of an array substrate according to the present 
invention. In FIG 13A and FIG. 14A, a pixel region "P" having first and second regions "Fl" 
and "F2" is defined on a substrate 1 100. A gate line 1 102 and a gate electrode 1 104 
connected to the gate line 1 102 are formed on the substrate by depositing conductive material 
on the substrate 1 100 and then patteming the deposited conductive material. At the same time, 
an auxiliary electrode 1 106 having a zigzag pattern on the substrate 1 100 in space 
corresponding to the second region "F2". Each diagonal portion of the auxiliary electrode 
1 106 is interconnected. A gate insulating layer 1 108 is formed on the substrate 1 100 by 
depositing one of inorganic insulating materials such as silicon nitride (SiNx) and silicon 
oxide (Si02) on the whole substrate 1 100 on which the gate line 1 102, the gate electrode 
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1 104 and the auxiliary electrode 1 106 are already formed. A semiconductor layer 1110 

having an active layer 1 1 10a and an ohmic contact layer 1 1 10b is formed on the gate 

insulating layer 1 108 at positions corresponding to the gate electrode 1 104 and a data line 

1 124 that will be formed later by sequentially depositing amorphous sihcon (a-Si:H) and 

impurity-doped amorphous silicon (n^a-Si:H) and then pattering the deposited silicon 

material. In FIG. 13B and FIG. 14B, a source electrode 1 120, a drain electrode 1 122 spaced 

apart from the source electrode 1 120 and the data line 1 124 are formed on the substrate 1 100 

by depositing one of conductive metal material such as tungsten (W), chromium (Cr), 

molybdenum (Mo) and copper (Cu) on the whole substrate 1 100 on which the semiconductor 

layer 1 100 is aheady formed and then pattering the deposited conductive metal material. The 

source and drain electrodes 1 120 and 1 122 are formed on the ohmic contact layer 1 1 10b and 

the source electrode 1 120 is connected to the data line 1 124. At the same time, the 

semiconductor layer 1 1 10 is further disposed under the data line as mentioned in FIG. 13 A 

and FIG. 14A. A passivation layer 11 26 is formed on the substrate 1 100 by coating one of 

organic insulating material such as benzocyclobutene (BCB) and acrylic resin on the whole 

substrate 1 100 on which the source and drain electrodes 1 120 and 1 122 and the data line 

1124 are already formed. A drain contact hole 1 128 exposing a portion of the drain electrode 

1 122 is formed by pattering the passivation layer 126. In FIG. 13C and FIG. 14C, a pixel 

electrode 1 130 is formed on the substrate 1 100 by depositing one of transparent conductive 

metal material such as indium tin oxide (ITO) and indium zinc oxide (IZO) on the whole 

substrate 1 100 on which the passivation layer 1 126 is already formed and then patteming the 

deposited transparent conductive metal material. The pixel electrode 1 130 is connected to the 

drain electrode 1 122 via the drain contact hole 1 128 and corresponds to the pixel region "P". 

Slits "S" are formed in the pixel electrode 1 130 at positions corresponding to some portions 

of the auxiliary electrode 1 106 under the pixel electrode 1 130. That is, the slits "S" 
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correspond to the portions of the auxiHary electrode 1106 having a same diagonal direction as 

shown in FIG 11. As mentioned in FIG 12, a protrusion 1208 in FIG 12 is formed on the 

upper substrate 1200 in FIG 12 at positions corresponding to portions of the auxiliary 

electrode 1 106 that do not correspond to the slits "S". 

[0051] FIG. 15 is a plan view of an array substrate for a liquid crystal display (LCD) 

device having a multi-domain structure according to another embodiment of the present 

invention. In FIG. 15, a pixel region "P" having first and second regions "Fl" and "F2" is 

defined on a substrate 1300. A gate line 1302 is formed on the substrate 1300 in a first 

direction and a data line 1304 is formed on the substrate 1300 in a second direction 

perpendicular to the first direction. The gate and data lines 1302 and 1304 define the pixel 

region "P" by crossing each other. A thin film transistor having a gate electrode 1306, a 

semiconductor layer 1308, a source electrode 1310 and a drain electrode 1312 is formed at a 

crossing portion of the gate and data lines 1302 and 1304. The source electrode 1310 has a 

shape of "U" and the drain electrode 1312 is spaced apart fi-om the source electrode 1310. An 

auxiliary electrode 1314 having a plurality of horizontal electrodes 1314a and a vertical 

electrode 1314b is formed on the substrate 1300. The horizontal electrodes are formed in the 

second region "F2" and spaced apart firom each other and the vertical electrode 1314b 

connecting the horizontal electrodes 1314a is formed under the data line 1304. A pixel 

electrode 1324 having slits at positions corresponding to the horizontal electrodes 1314a is 

formed in the pixel region "P" and connected to the drain electrode 1312. A protrusion 1402 

is formed on an upper substrate (not shown) in space between the slits "S" in a diagonal 

direction. The second region "F2" can be divided into a plurality of domains owing to the 

slits "S" and the protrusion 1402. The gate line 1302 and the drain electrode 1312 extended to 

the pixel region "P" fimction as an auxiliary electrode for uppermost and lowermost domains, 

respectively. 
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[0052] In the liquid crystal display (LCD) device according the present invention, a 

pixel electrode is divided into first and second regions and then only the second region is 

divided into a plurality of domains owing to slits, protrusion and an auxiliary electrode. 

Accordingly, because the first region is not divided into a plurality of domains but functions 

as in a general TN (twisted nematic) mode liquid crystal display (LCD) device, an aperture 

ratio and a viewing angle can be greatly improved. 

[0053] The liquid crystal display (LCD) device according to the present invention 

has advantages as follows. Firstly, the liquid crystal display (LCD) device of the present 

invention can acquire a wide viewing angle by forming the auxiliary electrode around the 

pixel electrode and thus forming a multi-domain in the pixel region. Secondly, because the 

auxiliary electrode can also be used as the repair line in case the data is broken, a production 

cost can be reduced. 

[0054] It will be apparent to those skilled in the art that various modifications and 
variations can be made in the present invention without departing from the spirit or scope of 
the invention. Thus, it is intended that the present invention cover the modifications and 
variations of this invention provided they come within the scope of the appended claims and 
their equivalents. 



23 



